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ABSTRACT

The interrel ationshi ps anmong commonly used | ength and wei ght
nmetrics are described for swordfish (X phias gladius) fromthe
central North Pacific Ocean. Swordfish were sanpled by National
Marine Fisheries Service (NWS), Southwest Region (SWR) observers
aboard comerci al vessels of the Hawaii-based | ongline fishery
during 1994-97 and caught on research crui ses of the NOAA ship
Townsend Cromael | during 1991-97.

Qur attenpt has been to provide conplenentary data for
different users. First and forenost, the described | ength-weight
rel ati onshi ps provi de previously unavail able information required
for pending stock assessnents and |life-history studies of
swordfish in the North Pacific Ocean. Findings further allow
researchers and nmanagers to convert |ength and weight netrics for
conparison with swordfish landings on the U S. Atlantic seaboard
and el sewhere where different netrics are used. Information on
nonthly fluctuations in condition (weight at |length) also should
i nterest Hawaii-based commercial fishernmen and buyers.



| NTRODUCTI ON

The broadbill swordfish, Xiphias gladius, is wdely
di stributed throughout tropical, subtropical, and tenperate
wat ers worl dwi de, with a range that extends fromlatitudes 50°N
to 35-45°S in the Pacific Ccean (Nakanura, 1985). Throughout
its wide distribution, the swordfish has been sought by
recreational and especially commercial fishernmen (Nakanura,
1985). Size has been recorded throughout tine and across the
speci es’ extensive distribution, but the types of neasurenent
have varied. Conprehensive definitions of |ength and wei ght
nmeasur enment s have been provided for swordfish and ot her
billfishes by Rivas (1956), and nore recently by Nakanmura (1985)
and Prager et al. (1995). Thorough anal yses of |ength and wei ght
interrel ati onshi ps have been conducted for billfishes other than
swordfish (e.g., Prager et al., 1995).

Most studies of swordfish I ength and wei ght
i nterrel ationshi ps
have been problematic for one or nore reasons. Typically,
studi es have related only one type of length neasure with a
si ngl e wei ght neasure (e.g., Caddy, 1976; Garcés and Rey, 1984,
Rodriguez et al., 1989) or at nost two of the many possible
wei ght neasures (Arfelli and de Anorin, 1982). Sonetines the
identity of one of the variables being exanm ned is uncertain
(weight: Garcés and Rey, 1984) or the term nology being used is

obscure (operculumfork length: Beardsley et al., 1979). Even if
a |larger nunber of variables were exam ned, sanple sizes relating
wei ght to I ength were often inadequate (Beardsley et al., 1979)

or segnents of the size distribution were undersanpl ed.?

Rel atively few | engt h-wei ght data exist for swordfish in the
Pacific, and these appear in only two docunents. Kunme and Joseph
(1969) related total or round weight (RW n = 5) and dressed
weight (with bill, head, and entrails renoved, n = 15) to eye to
fork length for eastern Pacific swordfish. Skillman and Yong
(1974) related RWon fork length (n = 7) for central Pacific
swordfish. Cearly, larger sanple sizes and nore conprehensive
interrel ationship conversions are needed for |engths and wei ghts
of Pacific swordfish. Swordfish |ength-weight data have becone
especially inportant now that the Hawaii-based longline fishery’s

Turner, S. 1986. Length to weight and weight to | ength
conversions for swordfish in the western North Atlantic and Gulf
of Mexico. Swordfish Wrkshop Wirking Paper 86/11. NVFS, NOAA,
SEFC, M am Laboratory, April 1986.
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catch of swordfish has expanded to estimted annual | andi ngs of
1,900-5,954 t/yr (1991-96).°2

In this report, we provide a conprehensive description of
| engt h and wei ght interrelationships for swordfish fromthe
central North Pacific Ocean. Qur primary objectives are to
provi de formul as enabling straightforward conversion of input
paraneters for (1) stock assessnent and (2) life history studies
of swordfish at the National Marine Fisheries Service (NWVFS),
Honol ul u Laboratory (HL). Secondarily, the formulas provided
shoul d facilitate conpari sons of size neasures between swordfish
in the Pacific and el sewhere and be useful to researchers in
other institutions as well as at HL. Length-weight
interrel ati onshi ps should al so interest nenbers of the | ocal
Hawai i - based pel agic | ongline fishery.

MATERI ALS AND METHODS
Sources and Types of Data

Swordfish I ength and wei ght data were provided by fish
obtained fromtwo sources: Townsend Crommel| research cruises and
commerci al catches of the Hawaii-based pelagic longline fishery.
The latter data were obtained in part by NMFS SWR observers
aboard vessels at sea and in part by Honol ulu Laboratory
personnel at the United Fishing Agency (UFA, Honol ulu fish
auction).

Research crui ses provided the opportunity to take different
types of neasurenents on individual fish, thereby allow ng the
description of detailed | ength conversions. Round weight that
was unavail able from comercial swordfish was obtained on
research cruises. Commercial catches provi ded extensive data
needed to describe and eval uate sex and seasonal effects on
fundanment al | engt h-wei ght interrelationships and one specific
pair of linear nmeasures (EFL-CKL, see below, these and all other
terms used are defined when first used in the text and are al so
in a glossary). Although research data were limted to specific
crui se dates, commercial catch data were generally avail abl e
t hroughout the year.

’l'to, R Y., and W A. Machado. 1997. Annual report of the
Hawai i - based | ongline fishery for 1996. Honolulu Lab., Southwest
Fish. Sci. Cent., Natl. Mar. Fish. Serv., NOAA, Honolulu, H
96822-2396. Sout hwest Fish. Cent. Admin. Rep. H97-12. 48 p.



Research Fi sh

Swor dfi sh were caught using standard commercial |ongline
gear and nmethods (He et al., 1997) at the swordfish fishing
grounds north of the Hawaiian Islands from 1991 through 1997
(Appendi x Table 1). Fishing operations were conducted in the
vicinity of the southern Misician Seanounts up to |atitude 27°N
on cruises TC-91-01 (January 4-February 2, 1991) and TC- 92-03
(April 13-

May 7, 1992). In 1993, fishing was conducted farther north at
about latitude 29°N, |ongitudes 160-162°Won cruise TC 93-03, Leg
| (March 12-April 8, 1993). Cruises dedicated to swordfish
research after 1993 expanded the fishing grounds up to |atitude
40°N, | ongitudes 150-178°W Research enphasi zed aspects ot her
than catch, distribution, and environnent on cruises after 1993,
however, and the number of specinens avail able for norphonetrics
decreased. In this report, we utilize various elenents of al
crui se data but restrict our statistical conparisons of research
cruises to 1991-93 for length interrel ationshi ps because of
limted sanple sizes on other cruises. Evaluation of |ength-

wei ght interrelationships was further limted to the April-Muy
crui ses of 1992-93 because fish were not dressed (description
follows) on the 1991 crui se.

Fish were processed in a standard nmanner on all cruises,
except for the instrunents used to wei gh them (Appendi x Table 2).
Anal yses descri bed herein include interrelationships anong fork
length (FL), lower jaw to fork length (LJFL), eye to fork length
(EFL), round weight, and several types of dressed wei ghts. Wen
a swordfish was first brought on deck, it was neasured for FL
(straight line fromtip of bill to fork of tail), LJFL (straight
line fromtip of lower jaw with nmouth closed to fork of tail),
and EFL (straight line fromcaudad margin of orbit to fork of
tail) to the nearest millinmeter. RW(total weight including
bill, head, and all entrails) was taken i medi ately after
measuring FL, LJFL, and EFL and before dressing the fish.

Usual ly, large fish (>20 kg) were wei ghed using a hangi ng crane
scale and small fish (<20 kg) were weighed in the ship's wet

| aboratory using a platform scale (Appendix Table 2). Bills of
| arge swordfish were cut off at the tip of the |lower jaw and
wei ghed separately. After obtaining RW the fish was processed
by renoving the extremties of the caudal fin and the dorsal,
anal, and pectoral fins at their bases. Approximtely 5-8 cm of
the caudal rays were left attached to the hypural plate. The
head was sawed off at the caudal end of the skull, with the cut
usual | y passing through the 2nd vertebra. The abdonen was slit
fromthe anal fin to the gill cavity exposing the coelom The
vi scera, gonads, and gas bl adder were renoved. Next, the

i nternal abdomi nal walls were scraped to renpbve the nesenteries
and the kidneys beneath the vertebrae. The dressed carcass was
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t hen wei ghed with the caudal peduncle attached (DPWfor "dressed
with peduncle weight"). The caudal peduncle was cut off by
inserting a knife perpendicular to the spine at the anterior end
(insertion) of the keel and cutting between the vertebrae. This
resulted in a cut between the 22nd and 23rd vertebrae. For snal
fish, dressed weight (DW was obtained by cutting off the caudal
peduncl e and rewei ghing the fish. DwWfor |arge fish was obtai ned
by wei ghing the caudal peduncle and subtracting this weight from
the previously obtained DPW Prince and Myake (1989) and Prager
et al. (1995) provide conprehensive schematic diagrans that
illustrate the progressive stages used when dressing billfishes.

Ext enuati ng circunstances soneti mes precluded certain
nmeasurenments. Wen the tip of the bill was broken, FL was not
measured. Weights of shark damaged fish were not used. Wen the
sea was rough, weights were not taken.

It is inportant here to note that our usage of LJFL (= LBFL)
i's synonynous with "body | ength" as defined by Rivas (1956) and
Nakamura (1985).

Commerci al Fi sh

NVFS SWR observers were trained at HL before collecting data
at sea. (bservers neasured EFL and cleithrumto keel |ength
(CKL, straight line from posterior edge of cleithrumto insertion
of caudal keel) in centineters before further processing the fish
aboard ship. A subset of these neasured fish (sel ected based on
nont h and body | ength) was | abel ed so that HL personnel coul d
identify the specinen when it was | ater weighed at the UFA fish
auction. Either DPWor DWwas ascertained;, DWwas nostly
avai lable for large fish (>22.7 kg). DPWwas largely limted to
smal | fish (<22.7 kg) because swordfish of these two size groups
are dressed and priced differently in Honolulu. (Swordfish of
different sizes are also priced differently in the Atlantic: see
Caddy, 1976). Weights were initially recorded in pounds and
| ater converted to kilograns. An unbiased sanple of the | abel ed
and unl abel ed fish were sexed based on gross visual appearance of
t heir gonads; gonad specinmens were collected for a subset of
these fish, for which sex was later verified histologically.?
Commerci al (observer) data used in this report span from March
1994 to Novenber 1996 (| ength-weight interrel ationships) and from
March 1994 to June 1997 (EFL-CKL rel ationship).

DeMartini, E. E., J. H Uhiyama, and H. A WIIians.
Unpubl . nms. Sexual maturity, sex ratio, and size conposition of
swor df i sh caught by the Hawaii-based pelagic |ongline fishery.
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Partway through the sanpling period, it becane necessary to
anend the DWvariable to reflect a change in dressing procedure
adopted by the UFA. In order to conserve mnuscle tissue handl ed
by buyers during pre-auction inspection of fish, in August 1994
the auction crew began cutting between the 23rd-24th, rather than
bet ween the 22nd-23rd caudal vertebrae when renovi ng the caudal
peduncle. Starting in August 1994, DWval ues thus were slightly
greater because a portion of the keel was included. Hereafter in
this report, we shall refer to DWdata collected from commerci al
fish prior to August 1994 as DW,, and data collected starting in
August 1994 as DW,.,.

Dat a Anal yses

Data were first plotted and plots eval uated for agreenent
wWith a priori expectations. Unless allonetric growth was obvious
fromthe plot, all relations were assunmed nonotonic, and al
| engt h-1ength and | engt h-wei ght rel ations were considered to be
| i near and nonlinear, respectively. Functional (reduced ngjor
axi s) regressions were not used because prediction, not
description, was our primary interest (Sokal and Rohlf, 1981; p.
549). For relations (like | ength-weight) in which one or the
ot her variable mght interest different users, separate equations
were cal culated for predicting |l ength fromweight and wei ght from
| engt h.

When data were sufficient to evaluate, the potential effects
of sex and tinme of collection (nonth or cruise-year) were
eval uated as class variables in ANCOVA (General Linear Models,
G.M using log-linear, |east squares regression procedures.
Ef fects on weight of sex and tine of collection were described by
| east square neans (neans adjusted by the |length covariate).
Data were log transforned prior to all ANCOVA conpari sons using
natural |ogs. For all ANCOVA conpari sons using research cruise
data, length distributions were trimed at both ends to provide
exact overl apping ranges. Fish larger than 200 cm EFL (nostly
femal es) were trinmed for ANCOVA eval uations of | ength-wei ght

interrel ationshi ps using conmercial data. |[|f sex or time was
significant, separate final regressions were then calcul ated for
the different levels using untrinmed data. |If sex or tine was

not significant (or if these data were not collected, were
insufficient, or were intractable), the untrimed data were
pool ed and a single final regression was calculated to describe a
general rel ationship.

Final predictive nodels of length on length were fitted
using linear |east squares regression. Nonlinear regression
techni ques were used to fit the final nonlinear nodels nost
appropriate for describing | ength-weight rel ationships and for
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predi cting weight fromlength and | ength fromweight. For final
wei ght on wei ght relationships, the best fits were obtained with
nonl i near nodels. Equations for these nodels are:

Li near nodel: Y = a + bX
where X = length or weight variable, a = Y-intercept, and b =
sl ope, and

Nonl i near nodel: Y = aXb,
where X = length or weight variable, and a and b are estimted
constant and exponent, respectively.

Where warranted, extrene val ues were del eted before naking
statistical conparisons or fitting predictive nodels. For
research cruise data, outliers (defined bel ow) were not del eted
because the relatively few observations were coll ected by
scientists and outliers were assuned to be extrene but real
val ues. Comercial data were collected by "third party”
observers; these data were screened and outliers were del eted
because recording errors were nore likely and the data were nore
plentiful. Qutliers were defined as observati ons whose
Studenti zed resi duals had absol ute val ues greater than 2.0.

The weights of all commercial fish <22.8 kg (50 Ib) were
assuned to be DPWeven though the dressed state of sonme snall
fish was unknown. These latter primarily conprised <10% of the
small fish for which DPWwas slightly greater than 22.7 kg (DW=
20.9-22.3 kg, 46-49 I b). The approximately 2,590 fish with known
sex and dressed wei ght were separated into three groups, DPW
DW, 4, and DW,., and analyzed separately. Wights for Decenber
1994 sanpl es used for LM anal yses were originally neasured as
DPW and were converted to DW,, using the appropriate conversion
equati on.

Mat ched (sane fish) nmeasurenents of DW,, and DW,, were
unavail abl e for directly devel oping a conversion equation.
Therefore, nmatched DPWand DW,, were neasured for the sane
carcass at the auction and their relationship described.

Esti mates of DW,, and DW,., were cal cul ated from predeterm ned DPW
set at 10-cmintervals between 20-180 kg using appropriate
formulas. (DW,4 was estimated using the rel ationship derived
fromresearch crui se data.)

Rel ati onshi ps were cal cul ated and anal yzed usi ng
Stat graphics Plus for Wndows v. 3 (Manugistics, Inc., 1997) and
SAS v. 6.03 (SAS, 1988).



RESULTS

Lengt h Rel ati onshi ps

When sex and crui se-year (1991-93) were exam ned separately
by ANCOVA, neither factor significantly influenced the
relationship anong LJFL, FL, and EFL (Appendix Tables 3 and 4).
Data limtations precluded sinmultaneous eval uation of sex and
crui se-year effects. Thus, all data for these three vari abl es
wer e pool ed over sexes and cruises. One general regression
equation for each relationship is provided in Table 1 and plots
of the relationships in Figures 1-3.

The rel ationship between CKL and EFL was conplicated by a
statistically significant but m nor effect of sex (Appendi x Table
5). For males, CKL represented a trivially larger (<1% fraction
of EFL, reflected by a 9-mmdifference in | east square neans of
the two sexes. Both sex-specific and sex-pool ed regressions of
CKL-EFL are provided (Table 1), but plotted (for ease of view ng)
as a single regression (with sexes pooled) in Figure 4.

Lengt h- Wi ght Rel ati onshi ps
Round Wi ght - Lengt h

Various RWIlength rel ationshi ps were eval uated usi ng ANCOVA
for the effects of sex and cruise-year (1991, 1992, and 1993).
Sex and crui se-year effects were not significant (Appendi x Tabl es
6 and 7), so single regressions are used to describe both sexes
and all cruise-years pooled (Table 2). A representative RWEFL
relation is plotted in Figure 5.

Dressed Wi ght-Length

ANCOVAs were used to test the potential effects of sex and
crui se-year (1992-93) for various DPWIength and DWI ength
metrics recorded on research cruises. Neither DPWIength nor
DWlength relations were significantly influenced by sex or
crui se-year, although sex differences were suggestive for DPWFL
and DWW FL rel ati ons nmeasured on crui se TC 92-03 (Appendi x Tabl es
6 and 7). A single regression is provided for each weight-length
conbination (Table 2). Figure 5 illustrates the DPWEFL, DWEFL,
and RWEFL rel ationshi ps.
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Because research data suggested that sex m ght influence
wei ght at | ength, another eval uation was made using i ndependent
data. Sex effects on DPWIength and DW, 4 | ength rel ati onshi ps
were reeval uated using comrercial |andings data for swordfish
caught between March 1994-June 1996 and March 1994-July 1994,
respectively. Neither DPWEFL (Appendi x Table 8) nor DPW CKL
(Appendi x Table 9) relations were significantly influenced by sex
for these comercial fish. The DPWEFL and DPW CKL rel ationshi ps
were therefore calculated for coomercial fish with sexes pool ed
(Table 3; Figs. 6 and 7). Plots of residuals of DPWregressed on
EFL (Fig. 8) and CKL (Fig. 9) have nonnonotonic patterns, which
suggests that these relationships should be used with caution.

DW, 4- EFL (Appendi x Tabl e 10) and DW, 4 CKL (Appendi x Tabl e
11) relations were significantly influenced by sex. The DW, 4 EFL
relation was influenced by the interaction between sex and | ength
(Appendi x Table 10). Both DW, 4 length relations are provided for
mal es and fenal es pool ed and for nmales and fenal es separately
(Table 3). For ease of viewing, the relations are plotted for
the sexes pooled in Figures 10 and 11.

Sex and nonth effects on DW,,-EFL rel ations were al so
eval uat ed usi ng ANCOVA for swordfish caught by the commercia
fishery during August 1994-June 1996. The nonth effect was
significant, as were nost interactions (Appendi x Table 12).
Mal es averaged slightly greater body condition (approximtely 2-
3% greater weight at |length) than fenales overall; and the
condition (least squares nean wei ght at |ength) of each sex
di ffered anong many nont hs of year (Table 4). Condition was
generally higher in the first half of the cal endar year
(Decenber-May; best in February) than the second half of the year
(June- Novenber; |lowest in August). The maximumdifference in
condition (between February and August) was about 15-18% In
general, condition appeared to be nore strongly influenced by
nonth rather than sex. For purposes of predicting DW,, fromEFL
and EFL from DW,, separate regressions are provided by nonth
with the sexes pooled (Tables 5 and 6), as well as one with both
sexes and nonths pooled (Table 3). Statistical outliers (2.7% of
all values) were excluded, but large (>200 cm EFL) fish were
included in the calculation of all predictive relationships
(Tables 3, 5, and 6). For ease of viewing, relations are plotted
for sexes and nonths pooled in Figure 12.

Sex and nonth effects on DW,,-CKL rel ations al so were
eval uated using ANCOVA. Only nonth and the interaction between
| ength and nonth were significant (Appendix Table 13). Trends in
nont hl y changes of DW,, | east squares means adjusted for CKL
(sexes pooled) were simlar to those fromthe DW,,- EFL ANCOVA
(Table 4). For purposes of predicting DW,., from CKL and CKL from
DW.. Sseparate regressions are provided by nonth with sexes
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pool ed (Tables 7 and 8). For sinplicity, a single equation
(Table 3) with sexes and nonths pooled is plotted in Figure 13.

Wei ght Rel ati onshi ps
Wei ght to Weight Rel ationshi ps

The rel ati onshi ps between RWand DPW RwWand DW and DPW and
DW are described and plotted for research fish in Table 9 and
Figures 14-16, respectively. The best fit for these
rel ati onshi ps was nonlinear rather than |inear, although the
di fference was sonetines slight (Fig. 16).

DW, 4- DW,.,, Rel ati onshi ps

The rel ationshi p between DW,, and DW,, was constructed from
ot her rel ationships using DPWas reference. The relation between
DW,., and DPWfor commercial fish is described in Table 9 and
Figure 17. The rel ation between DW,, and DW,, (Table 9) is
derived fromestimtes of DW(=DW,, and DW,, using predeterm ned
val ues of DPWand is described and plotted in Figure 18.

Research Versus Commerci al Data

Al'l weight-EFL rel ati onships fromresearch and commerci al
sources were plotted for conparison (Fig. 19). \Were both
sources of data are available, estimated | ength-weight relations
are approximately congruent. Overall, relationships fell in the
foll owi ng order, with RW> DW,, > DPW> DW,, > DW

DI SCUSSI ON

Al lonetries

Length interrel ationships were fundanmentally linear for fish
| onger than the approximate 60 cm EFL m ni numin our sanpl es.
However, disproportional growh of the bill (rostrum or head was
apparent for conparisons such as EFL versus FL (Fig. 2) and LJFL
versus FL (Fig. 3) that contrasted netrics which included versus
excluded the bill and nost of the head region. For exanple, at
150 cm FL the EFL is 56. 7% of FL and at 300 cmFL the EFL is
62.3% of FL. In other words, the relative length of the bill and
head anterior of the eye was greater for smaller swordfish. Yabe
et al. (1959, Fig. 12) observed that the relative length of the
bill or snout versus snout plus body declined for western North
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Paci fic swordfish over the range of 90-200 cm "Body Length" (cf.
standard length). Relative proportions of bill or head to "post
operculumto tail fork™ (cf. CFL) change at about 75 and 126 cm
CFL (90 and 147 cm EFL, respectively) for swordfish fromthe
North Atlantic (McGowan, 1988; Fig. 2D, E). Ovchinnikov (1970,
p. 34) nentioned allonetric growh of the bill of swordfish from
the Cari bbean and Atlantic, but did not specify its exact nature.

Factors I nfluencing Length-Wight Relations
Sex

We observed slight but statistically significant effects of
sex on some, but not all, length-weight relationships. For the
relatively sparse research cruise data on RWand DPW wei ght at
| engt h was indetectably influenced by sex. However, for the
relatively large commercial data set on DW,, (a weight netric
uni nfl uenced by variations in gonad devel opnent and st omach
contents), power was sufficient to detect nmale sonmatic wei ghts at
| engt h that averaged 2-3% heavier than that of females (Table 4).
We specul ate that this may reflect the generally greater
reproducti ve burden of females.*

Tur ner® exam ned sexual dinorphismin DWLJFL relations for
western North Atlantic swordfish and observed only "slight
differences"” in the paraneters. Unfortunately, he did not
provide the results of the statistical conparisons. To our
know edge, Lee and Scott (1992) provided the only rigorous
eval uation of the effects of sex on | ength-weight rel ations of
swordfish in the Atlantic Ccean (or el sewhere), prior to our
report. Lee and Scott (1992) observed slight, but significant
effects of sex on weight at length for swordfish in the Northwest
Atlantic that were simlar to those we observed for swordfish in
the central North Pacific Ccean.

Ti me of Year

Tenporal factors can strongly influence the weight at |ength
rel ationships of central North Pacific swordfish, depending on
the tine scale. Year (cruise) effects were indetectable, if
present, using the relatively small sanple sizes provided by
research cruise collections. Mnth effects were apparent and
easily detectable, however, using the relatively |arge comerci al
data set. These effects were seasonal and likely reflected

‘see footnote 3.

°see footnote 1.
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subannual changes in condition related to spawni ng. For each
sex, the greatest condition occurred in February, immediately
prior to the start of spawning, and the poorest condition
occurred in August, right after the conpletion of spawning. This
spawni ng rel ated subannual effect had a sixfold greater influence
on condition (17%vs. 2.5% Table 4) than did sex per se. Sex
and nonth effects were partly confounded by hi gh order
interactions. Apparent differences between sexes and anong
nonths may partly reflect variations anong nonths in the size and
sex conposition of the commercial catch (Appendix Figs. 1-4).

Sex effects di sappeared when May, August, and Septenber data were
del eted; sex effects on length conposition data for these 3
nonths differed nost greatly fromthe other nonths.

Turner® conpared DWon LJFL rel ations between fish | anded in
the Gulf of Mexico and off the eastern Florida coast and found
differences in the slopes; tenporal differences were noticeable
in DWat length for fish >160 cm LJFL. Since sanples were
collected in various regions during different nonths and years,
observed tenporal changes in DWLJFL were confounded by regi on of
capture.

Conparison of Predictive Curves

The sequence of RW> DPW> DWat EFL in plots of RWEFL
DPW EFL, and DWEFL relations for research fish (Fig. 5) is
ordered as expected. The DW,,-EFL relation for commercial fish
also reliably tracks all of the weight-EFL rel ationships for
research fish (Fig. 19). The DW,4 EFL curve for commercial fish
above 190 cm EFL |ies between the DPWand DWcurves for research
fish, as expected.

Compari sons using conmercial data (Fig. 19) have severa
conplications, however. Below 190 cm EFL, the DW,4 EFL curve
begins to cross above the DPWcurve and eventually crosses above
t he DW,, EFL curve below 150 cm EFL. This results in a maxi num
2% overestimate of DW,4 (vs. DW,.,) below 150 cm EFL. This may
have been caused by the seasonally inconplete collection of DW,y,
data (mainly April and May), reflecting subannual differences in
condi tion.

The DPW of both comrercial and research swordfish is 6.35 kg
at 77 EFL. As length increases, the DPWpredicted fromEFL for
comercial fish decreases relative to that predicted for research
fish, and produces a nmaxi mum 12% underesti mate of weight for a
comercial fish corresponding to a research fish estimted as

®see footnote 1.
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wei ghing 22.7 kg at 116 cmEFL (Fig. 19). This likely results
fromsize stratification (the practice of marketing fish based on
wei ght strata), which allots heavier fish to the “pup” category
(biased high) and lighter fish to the “rat” category (biased
low). Mst of the commercial DPWdata canme fromthe rat

cat egory.

The DW,, EFL curve for commercial fish consistently lies
above the DPWEFL curve of research fish, but this can be readily
explained. The lighter weight at length for research cruise fish
is probably due to slight differences in dressing nethods. Wen
heads were renoved fromthe commercial fish the cut usually
passed t hrough the brain case, whereas on research fish, the cut
was made through the 2nd vertebra. The other difference occurred
when fin rays were renmoved. On commercial fish, the fin rays
were cut above the condyles; on research fish, the cuts were made
alittle deeper to extract the condyles with the fin rays. The
two differences in dressing carcasses could account for these
slight differences in weight at |ength between research and
commercial fish

Research and commerci al data on swordfish weight at |ength
each have their own applications. For variables for which both
research and commercial data exist, |ike DPWand DW,, predictive
rel ati onshi ps shoul d be based on conmercial data for several
reasons. First, sanple sizes for both DPWand DW,, in the
commerci al data are at |east double those in the research data
set. More inportantly, comercial data, which incorporate the
correct details of dressing (exact nmethod of head and fin ray
renmoval ) and possible effect of cold storage on weight at |ength,
represent the relationships of interest to nost users. Length-
wei ght rel ationshi ps devel oped fromresearch data, though, may be
nore suitable for biological studies (e.g., energetics) where
fish of a continuous range of body sizes are of interest.

I mplications for Stock Assessnents
Sex and Tinme Stratification

Stratifying by sex and subannual period could substantially
i nprove the accuracy of |ength-weight interconversions. Sex
m ght not have practical value in analyses (unless sex ratios are
predicted by length class’), because sex cannot be routinely
determ ned for dressed swordfish. The influence of sex on wei ght
at length or condition, however, is relatively mnor (2-3%
conpared to the effect of subannual period (17%; and date of

'See footnote 3.
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collection will always be known within a week or so. For this
reason we strongly recomrend that conversions be stratified by
nonth (Tables 5-8) even if sex of sanple fish is unknown.

Hi storical Weight Records

Anot her consi derati on when converting length to weight or
vice versa in stock assessnents is the inportance of information
speci fying the type of weight netric recorded. This is crucial
bot h when anal yzi ng contenporary data records and eval uati ng
hi storical nmarket data. Prior to the major start-up of the
Hawai i - based | ongline fishery in 1989, swordfish were marketed as
entire fish mnus bill only. From about 1989 through the
present, nobst weight data for rats® (swordfish <50 pounds or
<22.7 kg) have been dressed with peduncle (DPW. Al nost al
| arger swordfish have been sold dressed. Prior to August of
1994, these larger fish, including pups (between 50 and 100
pounds or 22.7-45 kg) and markers (>100 pounds or 45 kg), were
mar ket ed as what we have called DW,4, wth the caudal peduncle
severed between the 22nd and 23rd caudal vertebrae. Since August
of 1994, larger fish have been dressed with the peduncl e severed
between the 23rd and 24th vertebrae (DW,,). The difference
bet ween these two types of dressed wei ghts (on average, 2% of
DW,,) is a potentially inportant detail that needs explicit
consi deration by NMFS personnel, both when recordi ng contenporary
| andi ng wei ghts on the auction floor and when anal yzi ng
hi storical catch records that bridge August 1994. On average,
dressed with peduncle weight (DPW, post-August 1994 dressed
wei ght (DW,.,) , and pre-August 1994 dressed wei ght (DW,,) vary
within 1-3% of one another. Depending on the specific
application, it may or nmay not be inportant to distinguish
between the two DWnetrics or between the DWand DPWnetrics when
recordi ng and anal yzi ng | andi ngs dat a.
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TABLES



Table 1.--Linear length-length relationships for central North Pacific swordfish, Xiphias gladius. N = number of fish.

Model:Y = a+ bX Range (cm)
Relation® Corr.

Y on X Sex  coef. r? SE N b SE* a SE min. max. min. max.
CKLonEFL F 0.9933 0986 2.6033 3387 0.68945 1.3724E-3 -3.65943 0.2094 41 179 63 260
CKLonEFL M 0.9918 0.983 24508 2986 0.69460 1.6355E-3 -4.085 0.2287 33 157 50 229
CKL onEFL  both 0.9929 0986 25381 6373 0.69047 1.0301E-3 -3.67494 0.1512 33 179 50 260
EFLonCKL F 0.9933 0986 3.7509 3387 1.43123 2.8490E-3 7.21113 0.2897 63 260 41 179
EFLonCKL M 0.9918 0.983 3.4995 2986 1.41624 3.3348E-3 8.01739 0.3107 50 229 33 157
EFL on CKL both 0.9929 0986 3.6502 6373 1.42802 2.1304E-3 7.25441 0.2083 50 260 33 179
LJFL on both 0.9963 0.992 3.2904 179 1.07064 6.9351E-3 8.00884 0.8653 74.9 228.8 875 2520
EFL
EFL on both 0.9963 0.992 3.0619 179 0.92713 6.0056E-3 -6.54341 0.8487 87.5 252.0 749 2288
LJFL
FL on EFL both 0.9881 0976 7.9335 167 1.4847 1.7989E-2 20.8207 2.2209 116.5 350.3 69.9 2288
EFL on FL both 0.9881 0976 5.2799 167 0.65760 7.9680E-3 -10.8856 1.6218 69.9 228.8 116.5 350.3
FLonLJFL  both 0.9877 0975 8.0629 167 1.37303 1.6914E-2 11.4496 2.3692 116.5 350.3 822 2520
LJFL on FL  both 0.9877 0975 5.8002 167 0.71052 8.7531E-3 -4.83424 1.7816 82.2 252.0 116.5 350.3

*CKL = cleithrum-keel length, EFL = eye fork length, LJFL = lower jaw fork length, and FL = fork length.

*E indicates scientific notation (e.g., 3E-2 = 3 x 10?).
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Table 2.--Nonlinear weight-length relationships for central North Pacific swordfish, Xiphias gladius, based on measurements taken aboard the
NOAA ship Townsend Cromwell. All analyses are for female and male sexes pooled. N = number of fish.

Range
Relation® Model:Y =ax" Exponent Constant Weight (kg) Length (cm)

Y on X r? SE N b SE* ax SE* Min. Max. Min. Max.
RW on EFL 0.967 7.9396 166 3.0738 4.1144E-2 1.2988E-5 3.0096E-6 51 2203 69.9 228.8
EFL on RW 0.979 5.2015 166 0.3111 3.4552E-3 41.206 0.5614
DPW on EFL 0.966 8.3714 64 3.0995 7.7592E-2 9.0319E-6 4.0014E-6 4.1 180.2 75.0 228.8
EFL on DPW 0.981 5.5733 64 0.2987 5.3584E-3 46.9602 1.0224
DW on EFL 0.965 7.5857 73 3.0721 6.9556E-2 9.8701E-6 3.9106E-6 3.8 1732 75.0 228.8
EFL on DW 0979 55370 73 0.2998  5.1833E-3 47.4036 0.9737
RW on LJFL 0.968 7.8191 166 3.2968 4.2767E-2 2.8872E-6 7.1616E-7 51 2203 82.2 252.0
LJFL on RW 0.977 5.7156 166 0.2928 3.2634E-3 49.9409 0.6471
DPW on LJFL 0.966 8.3568 64 3.3485 8.3096E-2 1.7473E-6 8.5077E-7 4.1 180.2 875 252.0
LJFL on DPW 0.981 5.7988 64 0.2812 4.9275E-3 56.4537 1.1226
DW on LJFL 0.966 7.5086 73 3.3104 7.2156E-2 2.0320E-6 8.6393E-7 38 1732 875 252.0
LJFL on DW 0980  5.6962 73 0.2803  4.7114E-3 57.3666 1.0632
RW on FL 0.941 9.7039 156 3.4438 5.9130E-2 3.8076E-7 1.4073E-7 51 216.7 116.5 350.3
FL on RW 0975 8.1263 156 0.2800  3.5276E-3 76.2293 1.0300
DPW on FL 0.925 12.0717 62 3.4824 0.1252 2.4670E-7 1.9549E-7 4.1 180.2 116.5 350.3
FL on DPW 0.964 10.9035 62 0.2612  6.5702E-3 88.0677 2.3026
DW on FL 0.928 10.6288 72 3.4741 0.1102 2.4481E-7 1.6937E-7 3.8 1732 116.5 350.3
FL on DW 0.969 9.6785 72 0.2610 5.6332E-3 89.3247 1.9443

*RW = round weight, EFL = eye fork length, DPW = dressed with peduncle weight, DW = dressed weight, LJFL = lower jaw fork length, and FL = fork

length.



*E indicates scientific notation (e.g., 3E-2 = 3 x 10?).

Table 3.--Nonlinear weight-length relationships for central North Pacific swordfish, Xiphias gladius, based on measurements recorded from fish
landed by the Hawaii-based pelagic longline fishery during March 1994-June 1996. N = number of fish.

Range
Relation® Model:Y = ax® Exponent Constant Weight (kg) Length (cm)
Y on X Sex r? SE N b SE* a* SE* min.  max. min.  max.
DPW on EFL both 0.840 1544 354 280104 6.109E-2 3.30403E-5 1.0228E-5 5.9 227 77 125
DPW on CKL both 0.761 1891 356 244628  6.8362E-2 490312E-4 1.5367E-4 5.9 22.7 50 83

DW,4 on EFL both 0930 9311 358 3.02006  3.6242E-2 1.37192E-5 2.8362E-6 231 237.0 113 238
DW,4 on EFL F 0929 11290 192 3.08275 55599E-2  9.83298E-6 3.1440E-6 231 237.0 113 238
DW,4 on EFL M 0923 6250 166 292337 5.7334E-2 2.26721E-5 7.2422E-6 23.3 1084 113 202

DWg,,0onCKL  both 0937 8694 352 297331 35457E-2  5.87721E-5 1.0735E-5 231 237.0 73 155
DW,4 on CKL F 0938 10353 189 3.01681 51955E-2  4.75369E-5 1.3024E-5 231 237.0 74 155
DW,4 0on CKL M 0922 6225 163  2.8597 5.8048E-2 1.00436E-4 2.9644E-5 231 1084 73 132

DW,,,OnEFL  both 0931 9300 1550  3.1307 1.7412E-2  7.96012E-6 7.9042E-7 228 262.6 112 249
DW,,0onCKL both 0928 9.076 1510 3.07865 1.8024E-2  3.56565E-5 3.3497E-6 228 262.6 73 165

*DPW = dressed with peduncle weight, EFL = eye fork length, CKL = cleithrum-kee! length, and DW,,, = dressed weight recorded prior to
August 1994, and DW,,, = dressed weight recorded after August 1994.
*E indicates scientific notation (e.g., 3E-2 = 3 x 10?).



Table 3.--(cont.)

Range
Relation® Model:Y = aXx® Exponent Constant Weight (kg) Length (cm)

Y on X sex r? SE N b SE* a SE min. max. min.  max.
EFL on DPW both 0.848 3.227 354 0.28861 6.605E-3 48.341 0.9158 5.9 22.7 77 125
CKL on DPW both 0.770 2.780 355 0.28947 8.5373E-3 31.6658 0.7755 5.9 227 50 83
EFL on DW, 4 both 0.944 6.186 358 0.30525 3.7330E-3 454369 0.7140 23.1 237.0 113 238
EFL on DW, 4 F 0.9499 6.680 192 0.29839 4.8477E-3 47.1355 0.9898 23.1 237.0 113 238
EFL on DW, 4 M 0935 5172 166 0.30821 6.2117E-3 444539 1.1144 23.3 108.4 113 202
CKL on DW, 4 both 0.946 4.169 352 0.31691 3.8597E-3 28.7028 0.4655 23.1 237.0 73 155
CKL on DW, 4 F 0.951 4.482 189 0.31270 4.9995E-3 20.3684 0.6349 23.1 237.0 74 155
CKL on DW, 4 M 0.929 3.683 163 0.31794 6.7664E-3 28.3933 0.7741 23.1 108.4 73 132
EFL on DW,, both 0.940 6.010 1550 0.29451 1.8010E-3 472751 0.3617 22.8 262.6 112 249
CKL on DW,, both 0.929 4433 1510 0.30581 2.0718E-3 30.1231 0.2638 22.8 262.6 73 165

*DPW = dressed with peduncle weight, EFL = eye fork length, CKL = cleithrum-keel length, DW,,, = dressed weight recorded prior to August
1994, and DW= dressed weight recorded after August 1994.
*E indicates scientific notation (e.g., 3E-2 = 3 x 10?).



Table 4.--Table of least squares means for log dressed weight (InDW,,,) from the ANCOV A on eye fork length: sexes pooled by
month, males, and females. N = number of fish.

Sexes pooled by month Males by month Females by month
Month N INDW,,, DW,, N INDW,, DW,, N INDW,,, DW,,,
January 139 3.99996 54.595 65 4.00305 54.764 74 3.99688 54.426
February 132 4.03711 56.662 76 4.05018 57.408 56 4.02405 55.925
March 226 3.99412 54.278 94 3.99608 54.385 132 3.99216 54.171
April 233 3.95810 52.357 110 3.96921 52.943 123 3.94698 51.778
May 109 3.96146 52.533 48 3.99198 54.164 61 3.93091 50.952
June 114 3.92365 50.584 71 3.93129 50.892 43 3.91647 50.279
July 87 3.91394 50.095 65 3.9288 50.846 22 3.89915 49.356
August 44 3.86163 47.542 27 3.8537 47.170 17 3.86959 47.917
September 17 3.90681 49.740 8 3.87796 48.375 9 3.93554 51.143
October 180 3.97939 53.484 97 3.97583 53.294 83 3.98295 53.674
November 33 3.94985 51.927 16 3.89341 49.082 17 4.00628 54.937
December® 106 4.03999 55.970 52 4.03958 56.802 54 4.01007 55.150

*weights were converted to dressed weight (DW,,, ) from dressed with peduncle weight.



Table 5.--Monthly nonlinear dressed weight,,-eye fork length relationships (with sexes pooled) for central North Pacific swordfish, Xiphias
gladius, based on measurements recorded for fish landed by the Hawaii-based pelagic longline fishery from August 1994-June 1996.
N = number of fish.

Range

Model: Y = ax® Exponent Constant Weight (kg) Length (cm)

Month r? SE N b SE* ax SE* Min.  Max. Min. Max.
January 0.939 10.0432 155  3.02335 5.10796E-2 142278E-5 4.1740E-6 22.8 2191 116 249
February 0.941 9.2216 140 3.17513 6.0322E-2 6.86465E-6  2.36342E-6 24.5 183.7 118 219
March 0.948 8.0722 357 3.1423 3.24471E-2 7.67947E-6  1.41846E-6 23.1 200.5 114 236
April 0.956 9.0184 254 3.27579 3.54572E-2 3.81019E-6  7.78313E-7 23.6 262.6 116 246
May 0.915 84533 113 3.22306 7.29197E-2 490067E-6  2.015E-6 23.1 158.7 114 212
June 0.948 5.9938 137  2.77658 4.34009E-2 449718E-5  1.10439E-5 23.1 173.7 115 240
July 0.909 7.5926 104 2.72467 7.41975E-2 5.74347E-5  2.40802E-5 23.6 129.7 114 217
August 0.931 4.8362 48  2.98218 0.100486 148796E-5 8.32474E-6 23.6 105.7 118 198
September 0.804 4.0033 17 265569  0.270936 7.82173E-5  1.13651E-4 23.6 50.8 120 157
October 0.925 7.8762 185 2.87944 4.87812E-2 2.82976E-5  7.79552E-6 23.1 185.0 112 230
November 0.969 7.3919 40 3.13415 7.70351E-2 7.58801E-6  3.37168E-6 24.9 182.3 112 230
December® 118 123 236

*all swordfish carcasses were weighed with peduncles attached for all sizesin December.

* E indicates scientific notation (e.g., 3E-2 = 3 x 103).



Table 6.--Monthly nonlinear eye fork length on dressed weight,,, relationships (with sexes pooled) for central North Pacific swordfish,
Xiphias gladius, based on measurements recorded for fish landed by the Hawaii-based pelagic longline fishery from August 1994-June
1996. N = number of fish.

Range

Model: Y = aX” Exponent Constant Weight (kg) Length (cm)

Month r? SE N b SE* a SE Min.  Max. Min. Max.
January 0.948  6.1083 155  0.300517 5.46338E-3 45.8036 1.09495 228 2190 116 249
February 0.952 5.2937 140  0.288831 5.41439E-3 47.4747 113731 245 1837 118 219
March 0.952 5.3628 357 0.291834 3.33649E-3 47.5076 0.674707 231 2005 114 236
April 0.958 5.4495 254  0.287392 3.5762E-3 48.7634 0.756522 236 262.6 116 246
May 0.923 5.8393 113 0.289413 7.46579E-3 48.3251 1.4838 231 1587 114 212
June 0.950 5.1178 137  0.320866 6.14125E-3 43.2762 1.09787 231 1737 115 240
July 0.929 6.2605 104 0.32814 8.80025E-3 42.2362 1.53264 236 129.7 114 217
August 0.926 49318 48  0.315919 1.28273E-2 44.8441 2.28882 236 1057 118 198
September 0.822  4.6462 17 0.294398 3.41137E-2 47.0486 5.72084 23.6 50.8 120 157
October 0.930  6.1906 185  0.313748 6.09966E-3 43.6251 1.10349 231 1850 112 230
November 0.959 5.9741 40  0.312404 9.96354E-3 44.2203 1.91842 249 1823 112 230

December®

*E indicates scientific notation (e.g., 3E-2 = 3x 103).
*all swordfish carcasses were weighed with the “ peduncles on” in December.



Table 7.--Monthly nonlinear dressed weight,,,-cleithrum to keel length relationships (with sexes pooled) for central North Pacific swordfish,

Xiphias gladius, caught by the Hawaii-based pelagic longline fishery from March 1994-June 1996. N = number of fish.

Range

Model: Y=aX" Exponent Constant Weight (kg) Length (cm)

Month r? SE N b SE* a* SE* Min. Max. Min. Max.
January 0.948 8.4657 148 2.92576 4.58108E-2 7.6024E-5 1.82543E-5 228 2191 77 165
February 0.943 8.2969 134 2.93965 5.62481E-2 7.21501E-5 2.10171E-5 231 166.0 74 151
March 0.928 9.2043 349  3.0239%6 3.84533E-2 4.68145E-5 9.37694E-6 231 2005 74 157
April 0.943 10.3045 251 32134 4.14738E-2 1.93026E-5 4.22389E-6 236 2626 75 164
May 0.914 8.0892 110  3.14286 7.38438E-2 251551E-5 9.59552E-6 231 1587 74 143
June 0.911 7.1673 134 2.80738 6.57551E-2 1.19043E-4 4.03E-5 231 140.6 73 144
July 0.914 7.3152 100 2.84645 7.8865E-2 1.00011E-4  4.05981E-5 236 1297 77 136
August 0.902 5.8731 48 2.75994 0.115119 1.43159E-4  8.40475E-5 236 1057 77 130
September 0.709 4.4487 16 252354 0.326647 4.32904E-4  5.61781E-4 23.6 50.8 78 104
October 0.929 7.4678 180 2.89794 5.01019E-2 8.22116E-5 2.12565E-5 231 1851 74 152
November 0.963 7.7684 40 299817 7.99223E-2 5.30867E-5 2.23358E-5 249 1823 74 152
December® 114 83 161

*all swordfish carcasses were weighed with the “ peduncles on” in December.

*E indicates scientific notation (e.g., 3E-2 = 3x 103).



Table 8.--Monthly nonlinear cleithrum to keel-dressed weight,,, relationships (with sexes pooled) for central North Pacific swordfish, Xiphias

gladius, measured on commercial fish. N = number of fish.

Range
Model: Y = ax® Exponent Constant Weight (kg) Length (cm)

Month r? SE N b SE* a SE Min.  Max. Min.  Max.
January 0.938 4.3994 148  0.31564 6.4141E-3 28.6178  0.793663 228 219.0 77 165
February 0.945 3.9127 134 0.30920 6.3553E-3 29.3647  0.817093 231 166.0 74 151
March 0.933 4.3734 349  0.30363 4.1909E-3 30.2913  0.537913 231 2004 74 157
April 0.945 4.2867 251  0.29608 4.259E-3 31.2647 0.577181 235 260.6 75 165
May 0.907 4.4084 110  0.30054 8.7764E-3 311776  1.12302 231 158.7 74 143
June 0.919 4.2438 134 0.32365 8.2413E-3 28.531 0.966646 231 1406 73 144
July 0.922 4.3199 100  0.32698 9.3815E-3 28.043 1.08069 235 1297 77 136
August 0.899 4.0669 48  0.32987 1.5915E-2 28.0841 1.7911 235 1056 77 130
September 0.730 3.5176 16 0.28356  4.4334E-2 31.8418 4.98385 235 50.8 78 104
October 0.923 4.3971 180  0.32300 6.6744E-3 28.0738  0.773449 231 1850 74 152
November 0.952 4.2882 40  0.32415 1.1232E-2 277112  1.34712 249 1823 74 152
December® 114 83 161

*E indicates scientific notation (e.g., 3E-2 = 3 x 10?).
*all swordfish carcasses were weighed with the “ peduncles on” in December.



Table 9.--Nonlinear best-fit weight-on-weight relationships for central North Pacific swordfish, Xiphias gladius, measured on both research and
commercia fish. N = number of fish.

Range
Model: Y=aXx" Exponent Constant X (kg) Y (kg)
Relation”* r? SE N b SE* a SE* Min.  Max. Min.  Max.
RW on DW 0.987 5.788 738 0.94968 1.4348E-2 1.65743 0.1120 38 1732 6.3 216.7
DW on RW 0.987  4.5805 738 1.03225 1.5803E-2 0.64585  5.1283E-2 6.3 216.7 3.8 173.2
RW on DPW 0991 4.956 638 0.94311 1.2968E-2 1.62493 0.1013 41 180.2 6.3 216.7
DPW on RW 0991 4.164 638 1.04667 1.4666E-2 0.63644  4.7293E-2 6.3 216.7 4.1 180.2
DPW on DW 0.998 1.7150 608 1.0086 6.0264E-3 1.01515  2.9302E-2 38 1732 4.1 180.2
DW on DPW 0.998 1.6036 608 0.98887 5.7878E-3 0.99675  2.8074E-2 41 180.2 3.8 173.2
DPW on DW,,, 0.999 0.3314 275°¢ 0.99884 5.1505E-4  1.02008  2.4991E-3 200 2195 204 222.3
DW,,, on DPW 0.999 0.3269 275°¢ 1.0011 5.1632E-4 098058 24161E-3 204 2223 20.0 219.5
DW,,, on DW 4 1.000 0.0052 17° 1.01238 3.4294E-5 098376 1.6737E-4 19.2 169.3 193 1774
DW on DW,,, 1.000 0.0050 17° 0.98780 3.3664E-5 1.0162 1.7119E-4 193 1774 19.2 169.3

ARW = round weight, DW = dressed weight recorded on all research cruise, DPW = dressed with peduncle weight, DW,,,, = dressed weight

recorded after August 1994 , and DW,,, = dressed weight recorded prior to August 1994.

Bfrom research cruises.
“from commercial source.
Pweights estimated from dressed with pedncle weight using above equations.
*E indicates scientific notation (e.g., 3E-2 = 3x 103).
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Appendix Table 1.--Summary data for research cruises.

Area of operation

Cruise Month Latitude Longitude Number caught
91-01 1-2 25-27°N 156-164°W 60
92-03 34 25-27°N 156-164°W 44
93-03 34 25-30°N 156-162°W 44
96-02 2 27-32°N 153-162°W 11
96-03 4 27-31°N 165-178°W 3
96-10 9 28-39°N 159-172°W 10
97-03 34 29-31°N 150-154°W 12
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Appendix Table 2.--Weighing instruments used on research cruises.

Instrument* Capacity Accuracy Cruises

Steelyard 90 Kg 91-01

Maco model 25 beam scale 25Kg 0.01Kg 91-01, 92-03, 96-03
Challenger MSI-3260 225 Kg 2.25Kg 92-03, 93-03, 96-02,
crane scale 96-03, 96-10, 97-03
Micro Weighing System 40Kg 0.04Kg 93-03, 96-02

model SGS-240

seagoing scale

platform spring 15Kg 0.1 Kg 97-03

scale

The NMFS does not approve, recommend or endorse any proprietary product or proprietary material
mentioned in this publication.
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Appendix Table 3.--ANCOVA results evaluating the effects of sex on various
linear length®-length relationships for central North

Pacific swordfish, Xiphias gladius, caught on research

cruises.
i Overlapping Parameter
Cruise EFL Range "cm  Sex N estimates Standard error t P
LJFL =a, + b,EFL for males, and
LJFL = (a, + &) + (b, + b,)EFL for females.
91-01 71-135 M 20 a,= 5.268 3.343 1.575 0.122
b,=1.091 0.034 31.954 0.000
F 29 a,= 5.593 4.300 1.300 0.199
b,=-0.056 0.043 -1.306 0.197
92-03 88-203 M 19 a,=7.726 1.457 5.300 0.000
b,=1.072 0.010 101.929 0.000
F 13 a,=-0.496 1.927 -0.257 0.798
b,= 0.001 0.014 0.098 0.922
93-03 106-161 M 11 a,=18.800 7.183 2.617 0.015
b,= 0.985 0.054 18.156 0.000
F 27 a,=-5.551 9.173 -0.605 0.550
b,= 0.049 0.070 0.704 0.487
All 71-214 M 72 a,= 8.582 1.467 5.848 0.000
b,= 0.025 0.014 1.685 0.000
F 90 a,=-2.312 1.874 -1.233 0.219
b,= 1.064 0.011 91.853 0.093
FL = a, + b,EFL for males, and
FL =(a, + a,) + (b, + b,)EFL for females.

91-01 71-135 M 18 a,= 8.207 5.089 1.612 0.114
b,= 1.590 0.052 30.046 0.000
F 26 a,= 5.007 6.372 0.785 0.436
b,= -0.034 0.064 -0.526 0.601
92-03 88-150 M 15 a,= 31.339 7.620 4112 0.000
b,= 1.417 0.060 23.406 0.000
F 9 a,= -4.249 11.638 -0.365 0.718
b,= 0.035 0.101 0.347 0.732
93-03 106-161 M 11 a,= 16.902 14.492 1.166 0.254
.= 1.532 0.109 13.993 0.000
F 17 a,= 9.039 18.506 0.488 0.629
b,= -0.072 0.141 -0.512 0.613
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Appendix Table 3.--(Continued)

OverlappinglLJ Parameter
Cruise FL range cm Sex N estimates Standard error t P

FL =a, + b,EFL for males, and
FL = (a, + a,) + (b, + b,)EFL for females.

All 71-171 M 65 a,= 12.214 4.293 2.844 0.005
b,= 1.554 0.035 44.092 0.000

F 75 a,= 8.433 5.829 1.446 0.150

b,=-0.054 0.049 -1.115 0.266

FL =a, + b,LJFL for males, and
FL =(a, + a,) + (b, + b,)LIFL for females.

91-01 83-148 M 18 a,=-0.522 7.908 -0.066 0.947
b,= 1.467 0.071 20.423 0.000

F 25 a,= 2.533 10.209 0.248 0.805

b,=-0.009 0.091 -0.098 0.921

92-03 101-189 M 17 a,=20.747 7.530 2.755 0.011
b,= 1.326 0.050 26.097 0.000

F 10 a,=11.528 10.645 1.082 0.290

b,=-0.102 0.076 -1.346 0.191

93-03 122-200 M 14 a,=15.998 10.486 1.525 0.137
b,= 1.355 0.065 20.646 0.000

F 19 a,=-3.705 13.815 -0.268 0.790

b,= 0.017 0.088 0.198 0.843

All 87-200 M 65 a,= 4.327 4.836 0.894 0.372
b,=1.424 0.034 40.932 0.000

F 78 a,=10.190 6.334 1.608 0.110

b,=-0.067 0.045 -1.470 0.143

*EFL = length: eye fork length: FL = fork length; and LJFL = lower jaw fork length.
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Appendix Table 4.--ANCOVA results evaluating the effects of cruise on various
linear length®-length relationships for central North
Pacific swordfish, Xiphias gladius, caught on research

cruises.
Between Overlapping Parameter
cruises EFL range cm N estimates Standard error t P
LJFL =a, + b,EFL for cruise 92-03, and
LJFL = (a, + a,) + (b, + b,)EFL for cruise 91-01.
92-03 75-148 29 a,= 5.093 2.250 2.263 0.026
to b,= 1.095 0.020 53.047 0.000
91-01 52 a,= 3.234 2.779 1.163 0.248
b,=-0.035 0.026 -1.354 0.179
LJFL =a, + b,EFL for cruise 93-03, and
LJFL = (a, + a,) + (b, + b,)EFL for cruise 91-01.
93-03 77-147 29 a,= 11.050 3.176 3.478 0.000
to b,= 1.050 0.027 38.525 0.000
91-01 51 a,=-2.731 3.629 -0.752 0.454
b,= 0.009 0.032 0.300 0.764
LJFL =a, + b,EFL for cruise 92-03, and
LJFL = (a, + a,) + (b, + b,)EFL for cruise 93-03.
92-03 76-214 39 a,= 9.311 1.889 4.926 0.000
to b,= 1.064 0.013 76.180 0.000
93-03 41 a,=-1.384 2.438 -0.567 0.571
b,= 0.004 0.017 0.229 0.819
FL =a, + b,EFL for cruise 92-03, and
FL = (a, + &) + (b, + b,)EFL for cruise 91-01.
92-03 75-130 22 a,= 8.997 7.000 1.285 0.203
to b,= 1.622 0.068 23.630 0.000
91-01 42 a,=-1.776 8.274 -0.214 0.830
b,=-0.014 0.082 -0.176 0.860
FL =a, + b,EFL for cruise 93-03, and
FL = (a, + &) + (b, + b,)EFL for cruise 91-01.
93-03 76-131 24 a,= 25.310 8.160 3.101 0.002
to b,= 1.461 0.073 19.802 0.000
91-01 42 a,=-16.047 9.272 -1.730 0.088

b,= 0.125 0.086 1.453 0.151
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Appendix Table 4.--(Continued)

Between Overlapping Parameter
cruises LJFL range cm N estimates Standard error t P

FL =a, + b,EFL for cruise 92-03, and
FL = (a, + a,) + (b, + b,)EFL for cruise 93-03.

92-03 76-214 36 a,= 27.396 5.471 5.007 0.000
to b,= 1.445 0.041 35.080 0.000
93-03 39 a,= 0.674 7.144 0.094 0.925
b,=-0.016 0.053 -0.304 0.761

FL =a, + b,LJFL for cruise 92-03 and
FL = (a, + a,) + (b, + b,)LIFL for cruise 91-01.

92-03 87-166 29 a,= 9.143 5.858 1.560 0.123
to b,= 1.400 0.047 29.632 0.000
91-01 47 a,=-13.025 7.536 -1.728 0.088
b,= 0.104 0.062 1.681 0.097

FL =a, + b,LJFL for cruise 93-03 and
FL =(a, + a,) + (b, + b,)LIFL for cruise 91-01.

93-03 90-165 30 a,= 4.104 7.811 0.525 0.601
to b,= 1.440 0.058 24.748 0.000
91-01 40 a,= -8.640 9.456 -0.913 0.364
b,= 0.069 0.072 0.949 0.346

FL =a, + b,LJFL for cruise 92-03 and
FL =(a, + a,) + (b, + b,)LIFL for cruise 93-03.

92-03 94-237 35 a,= 20.754 4.651 4.461 0.000
to b,= 1.311 0.030 43.068 0.000
93-03 39 a,= -4.549 7.382 -0.616 0.539
b,= 0.038 0.048 0.802 0.424

*EFL = length: eye fork length; FL = fork length; and LJFL = lower jaw fork length.
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Appendix Table 6.--ANCOVA results evaluating effect of sex on various log-

linear length®-weight** relationships for central North
Pacific swordfish, Xiphias gladius, caught on research

cruises.
EFL range Standard
Cruise cm Sex N Parameter estimates error t P
INRW = a,¥ + b,(InNEFL) for males, and

INRW = (a, + a," ") + (b, + b,)(INEFL) for females.
91-01 71-135 M 19 a,= -12.210 0.769 -15.859 0.000
b,= 3.255 0.170 19.141 0.000
F 29 a,= 0.144 0.941 0.153 0.878
b,= -0.017 0.207 -0.086 0.931
92-03 87-214 M 19 a,= -10.507 0.483 -21.722 0.000
b,= 2.922 0.098 29.718 0.000
F 13 a,= -1.042 0.649 -1.605 0.119
b,= 0.214 0.132 1.626 0.115
93-03 106-161 M 11 a,= -11.869 1.307 -9.077 0.000
b,= 3.205 0.268 11.934 0.000
F 17 a,= 0.530 1.670 0.317 0.753
b,= -0.109 0.344 -0.317 0.753
All 71-214 M 68 a,= -12.057 0.304 -39.552 0.000
b,= 3.232 0.063 50.670 0.000
F 81 a,= 0.281 0.399 0.704 0.482
b,= -0.052 0.083 -0.626 0.531

INDPW = a, + b,(InEFL) for males, and

INDPW = (a, + a,) + (b, + b,)(InEFL) for females.
92-03 87-214 M 15 a,= -12.217 0.647 -18.853 0.000
b,= 3.207 0.132 24.284 0.000
F 13 a,= -0.484 0.806 -0.600 0.553
b,= 0.103 0.164 0.626 0.536
93-03 106-161 M 6 a,= -13.884 1.520 -9.132 0.000
b,= 3.580 0.310 11.537 0.000
F 10 a,= -0.377 2.028 -0.186 0.855
b,= 0.049 0.413 0.119 0.906
All 71-214 M 29 a,= -13.154 0.493 -26.681 0.000
b,= 3.403 0.100 33.710 0.000
F 30 a,= 0.355 0.623 0.570 0.570
b,= -0.072 0.127 -0.564 0.574
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EFL range Standard
Cruise cm Sex N  Parameter estimates error t P
InDW = a, + b,(InEFL) for males, and
InDW = (a, + a,) + (b, + b,)(InEFL) for females.
92-03 87-214 M 15 a,= -12.216 0.583 -20.928 0.000
b,= 3.197 0.118 26.869 0.000
F 12 a,= -0.871 0.744 -1.170 0.253
b,= 0.176 0.151 1.163 0.256
93-03 106-161 M 11 a,= -13.619 1.229 -11.081 0.000
b,= 3.505 0.252 13.882 0.000
F 16 a,= 0.688 1.600 0.429 0.671
b,= -0.152 0.329 -0.461 0.648
All 71-214 M 32 a,= -13.290 0.502 -26.439 0.000
b,= 3.422 0.102 33.267 0.000
F 35 a,= 0.292 0.632 0.463 0.644
b,= -0.059 0.129 -0.457 0.648
LJFL range Standard
Cruise cm Sex N  Parameter estimates error t P
INRW = a, + b,(InLJFL) for males, and
INRW = (a, + a,) + (b, + b,)(InLJIFL) for females.

91-01 83-154 M 19 a,= -13.600 0.950 -14.311 0.000
b,= 3.456 0.203 16.969 0.000
F 28 a,= -0.118 1.190 -0.099 0.921
b,= 0.037 0.254 0.145 0.884
92-03 101-225 M 19 a,= 11.887 0.556 -21.365 0.000
= 3.126 0.110 28.314 0.000
F 12 a,= -1.117 0.774 -1.442 0.160
b,= 0.226 0.154 1.464 0.154
93-03 122-200 M 14 a,= -12.725 0.973 -13.065 0.000
= 3.294 0.192 17.085 0.000
F 18 a,= 0.465 1.350 0.344 0.732
b,= -0.097 0.269 -0.362 0.719
All 87-224 M 67 a,= -13.313 0.356 -37.312 0.000
= 3.404 0.072 46.876 0.000
F 75 a,= 0.397 0.500 0.793 0.428
b,= -0.079 0.102 -0.772 0.441
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LJFL range Parameter Standard
Cruise cm Sex N estimates error t P
INDPW = a, + b,(InLJFL) for males, and
INDPW = (a, + a,) + (b, + b,)(InLJIFL) for females.

92-03 101-225 M 15 a,= -13.741 0.727 -18.882 0.000
b= 3.425 0.144 23.716 0.000
F 12 a,= -0.590 0.936 -0.631 0.534
b,= 0.123 0.187 0.660 0.515
93-03 122-200 M 9 a,= -13.009 1.299 -10.007 0.000
b,= 3.308 0.254 13.003 0.000
F 11 a,= -1.139 1.888 -0.603 0.554
b,= 0.206 0.371 0.555 0.586
All 100-224 M 29 a,= -14.379 0.565 -25.429 0.000
b= 3.565 0.112 31.651 0.000
F 24 a,= 0.734 0.788 0.931 0.356
b,= -0.148 0.158 -0.937 0.352

INDW = a, + b,(InLJFL) for males, and

InDW = (a, + a,) + (b, + b,)(InLIFL) for females.

92-03 101-225 M 15 a,= -13.736 0.659 -20.843 0.000
b,= 3423 0.131 26.102 0.000
F 11 a,= -1171 0.869 -1.347 0.191
b,= 0.235 0.173 1.357 0.188
93-03 122-200 M 14 a,= -14.302 0.996 -14.357 0.000
b,= 3551 0.197 18.005 0.000
F 17 a,= 0.102 1.412 0.072 0.942
b,= -0.033 0.281 -0.120 0.904
All 101-224 M 30 a,= -13.932 0.561 -24.793 0.000
b= 3471 0.111 31.095 0.000
F 30 a,= -0.379 0.747 -0.508 0.613
b,= -0.070 0.149 -0.469 0.640
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FL range Standard
Cruise cm Sex N  Parameter estimates error t P
INRW = a, + b,(InFL) for males, and
INRW = (a, + a,) + (b, + b,)(InFL) for females.
91-01 123-213 M 17 a,= -14.839 0.950 -15.607 0.000
b= 3441 0.188 18.216 0.000
F 24 a,= -0.428 1.187 -0.361 0.720
b,= 0.089 0.235 0.379 0.706
92-03 148-293 M 18 a,= -15.013 0.985 -15.235 0.000
b= 3.482 0.183 18.931 0.000
F 11 a,= -2.124 1.439 -1.475 0.152
b,= 0.410 0.269 1.522 0.140
93-03 174-269 M 11 a,= -14.879 1.366 -10.888 0.000
b= 3.462 0.254 13.622 0.000
F 18 a,= -0.299 1.745 -0.171 0.865
b,=  0.055 0.325 0.169 0.867
All 123-293 M 64 a,= -14.651 0.387 -37.845 0.000
b,= 3.415 0.073 46.496 0.000
F 72 a,= -0.550 0.540 -1.018 0.310
b,= 0.102 0.102 1.000 0.319
INDPW = a, + b,(InFL) for males, and
INDPW = (a, + a,) + (b, + b,)(InFL) for females.

92-03 148-293 M 15 a,= -17.001 1.036 -16.405 0.000
b= 3791 0.193 19.600 0.000
F 10 a,= -2.766 1.501 -1.842 0.079
b,= 0534 0.281 1.898 0.071
93-03 174-269 M 6 a,= -16.843 2.134 -7.892 0.000
b= 3.783 0.393 9.604 0.000
F 11 a,= 0.131 2.638 0.049 0.960
b,= -0.034 0.488 -0.070 0.944
All 148-293 M 27 a,= -16.190 0.889 -18.207 0.000
b,= 3.653 0.165 22.100 0.000
F 24 a,= -1.791 1.294 -1.383 0.173
b,= 0.329 0.241 1.365 0.178
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FL range Standard
Cruise cm Sex N  Parameter estimates error t P
InDW = a, + b,(InFL) for males, and
INDW = (a, + a,) + (b, + b,)(InFL) for females.

92-03 148-293 M 15 a,= -17.046 1.072 -15.887 0.000
b,= 3.790 0.200 18.925 0.000
F 10 a,= -2.837 1.554 -1.825 0.082
b,= 0.548 0.291 1.879 0.074
93-03 174-269 M 11 a,= -16.776 1.368 -12.256 0.000
b,= 3.760 0.254 14.770 0.000
F 17 a,= 0.018 1.768 0.010 0.991
b,= -0.013 0.329 -0.039 0.968
All 123-293 M 31 a,= -16.350 0.690 -23.692 0.000
b= 3.673 0.128 28.591 0.000
F 32 a,= -1.522 0.947 -1.606 0.113
b,= 0.282 0.177 1.593 0.116

*length: EFL = eye fork length; FL = fork length; and LIFL = lower jaw fork length.
**weight: RW = round weight; DPW = dressed with peduncle weight; and DW = dressed weight.

Ylog of Y-intercept.
Y¥log of the difference in Y-intercepts of the two relationships.
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Appendix Table 7.--ANCOVA results evaluating effect of cruise on various log-
linear length®-weight** relationships for central North
Pacific swordfish, Xiphias gladius, caught on research

cruises.
Between EFL range Standard
cruises cm N Parameter estimates error t P
INRW = a, + b,(InEFL) for cruise 92-03, and
INRW = (a, +a," ") + (b, + b,)(INEFL) for cruise 91-01.
92-03 75-148 26 a,= -11.966 0.527 -22.680 0.000
to b,= 3.224 0.113 28.462 0.000
91-01 51 a,= -0.489 0.647 -0.756 0.451
b,= 0.091 0.139 0.656 0.513
INRW = a, + b,(InEFL) for cruise 93-03, and
INRW = (a, + a,) + (b, + b,)(InEFL) for cruise 91-01.
93-03 76-147 28 a,= -11.842 0.691 -17.127 0.000
to b,= 3.199 0.145 21.948 0.000
91-01 50 a,= -0.509 0.793 -0.641 0.523
b,= 0.094 0.168 0.559 0.577
INRW = a, + b,(InEFL) for cruise 92-03, and
INRW = (a, + a,) + (b, + b,)(InEFL) for cruise 93-03.
92-03 76-214 36 a,= -11.378 0.308 -36.887 0.000
to b,= 3.098 0.063 48.840 0.000
93-03 39 a,= 0.004 0.532 0.008 0.993
b,= 0.001 0.109 0.017 0.986
INDPW = a, + b,(InEFL) for cruise 93-03, and
INDPW = (a, + a,) + (b, + b,)(InEFL) for cruise 92-03.
93-03 94-214 23 a,= -12.885 0.625 -20.610 0.000
to b,= 3.357 0.126 26.527 0.000
92-03 25 a,= 0.132 0.774 0.170 0.865
b,= -0.039 0.156 -0.253 0.801
InDW = a, + b,(InEFL) for cruise 93-03, and
InDW = (a, + a,) + (b, + b,)(InEFL) for cruise 92-03.
93-03 81-214 36 a,= -12.904 0.473 -27.270 0.000
to b,= 3.350 0.097 34.445 0.000
92-03 30 a,= -0.295 0.597 -0.495 0.622

b,= 0.043 0.122 0.355 0.723

Appendix Table 7.--(cont.).
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Between LJFL range Standard
cruises cm N Parameter estimates error t P
INRW = a, + b,(InLJFL) for cruise 92-03, and
INRW = (a, + a,) + (b, + b,)(InLJIFL) for cruise 91-01.
92-03 87-166 27 a,= -12.971 0.595 -21.780 0.000
to b,= 3.343 0.124 26.837 0.000
91-01 51 a,= -0.974 0.749 -1.300 0.197
b,= 0.192 0.157 1.222 0.225
INRW = a, + b,(InLJFL) for cruise 93-03, and
INRW = (a, + a,) + (b, + b,)(InLJIFL) for cruise 91-01.
91-01 90-165 29 a,= -13.602 0.805 -16.880 0.000
to b,= 3.470 0.164 21.044 0.000
93-03 44 a,= -0.503 0.957 -0.525 0.600
b,= 0.098 0.197 0.497 0.620
INRW = a, + b,(InLJFL) for cruise 92-03, and
INRW = (a, + a,) + (b, + b,)(InLJIFL) for cruise 93-03.
92-03 94-237 36 a,= -12.614 0.331 -38.044 0.000
to b,= 3.269 0.066 49.420 0.000
93-03 38 a,= -0.338 0.547 -0.617 0.538
b,= 0.069 0.109 0.634 0.527
INDPW = a, + b,(InLJFL) for cruise 92-03, and
INDPW = (a, + a,) + (b, + b,)(InLJFL) for cruise 93-03.
92-03 94-237 32 a,= -14.114 0.381 -37.025 0.000
to b,= 3.507 0.076 45.874 0.000
93-03 24 a,= -0.020 0.738 -0.027 0.977
b,= 0.014 0.146 0.096 0.923
INDW = a, + b,(InLJFL) for cruise 92-03, and
InDW = (a, + a,) + (b, + b,)(InLJIFL) for cruise 93-03.
92-03 94-237 31 a,= -14.487 0.391 -37.045 0.000
to b,= 3.567 0.078 45.592 0.000
93-03 36 a,= -0.022 0.662 -0.034 0.972
b,= 0.018 0.132 0.136 0.891

Appendix Table 7.--(cont.).
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Between FL range Standard
cruises cm N Parameter estimates error t P
INRW = a, + b,(InFL) for cruise 92-03, and
INRW = (a, + a,) + (b, + b,)(InFL) for cruise 91-01.
92-03 123-250 28 a,= -14.335 0.623 -22.975 0.000
to b,= 3.354 0.119 27.992 0.000
91-01 51 a,= -0.597 0.771 -0.774 0.440
b,= 0.108 0.149 0.724 0.471
INRW = a, + b,(InFL) for cruise 93-03, and
INRW = (a, + a,) + (b, + b,)(InFL) for cruise 91-01.
93-03 131-228 24 a,= -15.325 0.936 -16.361 0.000
to b,= 3.546 0.179 19.798 0.000
91-01 42 a,= 0.136 1.063 0.128 0.898
b,= -0.032 0.204 -0.157 0.875
INRW = a, + b,(InFL) for cruise 92-03, and
INRW = (a, + a,) + (b, + b,)(InFL) for cruise 93-03.
92-03 129-329 34 a,= -15.947 0.473 -33.677 0.000
to b,= 3.662 0.089 41.065 0.000
93-03 38 a,= 0.928 0.729 1.271 0.207
b,= -0.175 0.136 -1.286 0.202
INDPW = a, + b,(InFL) for cruise 92-03, and
INDPW = (a, + a,) + (b, + b,)(InFL) for cruise 93-03.
92-03 174-329 20 a,= -18.818 0.978 -19.224 0.000
to b,= 4.133 0.180 22.947 0.000
93-03 21 a,= 2.089 1.437 1.453 0.154
b,= -0.378 0.263 -1.433 0.159
INDW = a, + b,(InFL) for cruise 92-03, and
INDW = (a, + a,) + (b, + b,)(InFL) for cruise 93-03.
92-03 174-329 20 a,= -18.697 0.917 -20.384 0.000
to b,= 4.101 0.168 24.295 0.000
93-03 33 a,= 1.867 1.230 1517 0.135
b,= -0.336 0.227 -1.483 0.144

*length: EFL = eye fork length; FL = fork length; and LJFL = lower jaw fork length.
**weight: RW = round weight; DPW = dressed with peduncle weight; and DW = dressed weight.

Ylog of Y-intercept.
YV¥log of the difference in Y-intercepts of the two relationships.
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Appendix Table 5. --Summary of ANCOVA results evaluating the effects of sex on the log-linear relationship of eye fork length-cleithrum to keel

length (CKL) for central North Pacific swordfish.

TYPE | Initial model Reduced model
Sum of Sum of
Source squares Df Mean square F-ratio P-value squares Df Mean square F-ratio P-value
InCKL 6051612.152 1 6051612.152 99999.99 0.0000 6051612.152 1 6051612.1526 99999.99 0.0000
Sex 1135.695 1 1135.695 40.04 0.0001 1135.695 1 1135.6954 40.04 0.0001
INCKL*Sex 48.465 1 48.465 1.71 0.1912
Residual 178089.146 6279 28.362 178137.611 6280 28.3659
Total 6230885.459 6282 6230885.459 6282
TYPE Il Initial model Reduced model
Sum of Sum of
Source squares Df  Mean square F-ratio P-value squares Df Mean square F-ratio P-value
InCKL 5466701.954 1 5466701.954 99999.99 0.0000 5798820.788 1 5798820.788 99999.99 0.0000
Sex 0.419 1 0.419 40.04 0.9033 1135.695 1 1135.695 40.04 0.0001
INCKL*Sex 48.465 1 48.465 1.71 0.1912
Residual 178089.146 6279 28.362 178137.611 6280 28.365
Total 6230885.459 6282 6230885.459 6282




Appendix Table 8.--Summary of ANCOVA results evaluating the effects of sex on the log-linear relationship of dressed with peduncle weight-

eye fork length (EFL) for central North Pacific swordfish caught by the Hawaii-based longline fishery during
March-July 1994,

Type | Initial model Reduced model
Sum of Mean Sum of Mean
Source squares” Df square” F-ratio P-value squares” Df square” F-ratio P-value
InEFL 18.959 1 18.959 2020.05 0.0000 18.959 1 18.959 2024.60  0.0000
Sex 2.531E-3 1 2.531E-3 0.27 0.6039 1.634E-3 1 1.634E-3 0.17 0.6764
INEFL*Sex 1.094E-3 1 1.094E-3 0.12 0.7329
Residual 3.2849 350 0.00938 3.2868 351 9.3643E-3
Total 22.2476 353 22.2476 353
Type I Initial model Reduced model
Sum of Mean Sum of Mean
Source squares” Df square” F-ratio P-value squares’  Df square” F-ratio P-value
InEFL 18.1992 1 18.1992 1939.58 0.0000 18.9326 1 18.9326 2022.33  0.0000
Sex 6.378E-4 1 6.378E-4 0.07 0.7945 2.5311E-3 1 2.5311E-3 0.27 0.6034
INEFL*Sex 5.877E-3 1 5.877E-3 0.06 0.8025
Residual 3.2840 350 9.383E-3 3.28599 351 9.3617E-3
Total 22.2476 353 22.2476 353

VE indicates scientific notation (e.g., 3E-2 = 3 x 107?).



Appendix Table 9.--Summary of ANCOVA results evaluating the effects of sex on the log-linear relationship of dressed with peduncle weight-
cleithrum to keel length (CKL) for central North Pacific swordfish caught by the Hawaii-based pelagic longline fishery during
March-July 1994.

Type | Initial model Reduced model
Sum of Mean Sum of Mean
Source squares” Df square” F-ratio P-value squares” Df square” F-ratio P-value
INnCKL 17.377 1 17.377 1198.07 0.0000 17.377 1 17.377 1198.82 0.0000
Sex 3.198E-3 1 3.198E-3 0.22 0.6390 2.743E-3 1 2.743E-3 0.19 0.6638
INCKL*Sex 1.086E-2 1 1.086E-2 0.75 0.3874
Residual 5.10545 352 1.450E-2 5.1167 353 1.4495E-2
Total 22.4965 355 22.4965 355
Type I Initial model Reduced model
Sum of Mean Sum of Mean
Source squares” Df square” F-ratio P-value squares’  Df square” F-ratio P-value
INnCKL 16.9767 1 16.9767 1170.47 0.0000 17.3493 1 17.3493 1196.52 0.0000
Sex 1.108E-2 1 1.108E-2 0.76 0.3825 1.0672E-3 1 1.0672E-3 0.07 0.7863
INCKL*Sex 1.086E-2 1 1.086E-2 0.75 0.3874
Residual 5.10545 352 1.450E-2 5.11844 353 1.4499E-2
Total 22.4965 355 22.4965 355

VE indicates scientific notation (e.g., 3E-2 = 3 x 107?).



Appendix Table 10.--Summary of ANCOVA results evaluating the effects of sex and month on the log-linear relationship of dressed weight

Jq-€ye fork length (EFL: 116-200 cm) for central North Pacific swordfish caught by the Hawaii-based pelagic longline
fishery during March-July 1994.

Type | Initial model Reduced model
Sum of Mean Sum of Mean

Source squares Df square F-ratio P-value squares Df square F-ratio P-value
InEFL 62.9217 1 629217 5244.99 0.0000 62.9217 1 629217 5307.34 0.0000
Sex 0.23161 1 0.23161 19.31 0.0000 0.231612 1 0.231612 19.54 0.0000
INEFL*Sex 0.08733 1 0.08733 7.28 0.0074 0.087331 1 0.087331 7.37 0.0070
Month 0.35342 4 0.08835 7.37 0.0000 0.353426 4 0.0883564 7.45 0.0000
INEFL*Month 0.09326 4 0.02331 1.94 0.1031 0.093264 4 0.023316 1.97 0.0994
Sex*Month 0.01927 4 0.00481 0.40 0.8074
INEFL*Sex*Month 0.03230 4 0.00807 0.67 0.6110
Residual 3.68293 307 0.01199 3.73451 315 0.0118556
Total 67.4218 326 67.4218 326




Appendix Table 10.--(Continued)

Type lll Initial model Reduced model
Sum of Mean Sum of Mean

Source squares” Df square” F-ratio  P-value squares” Df square” F-ratio P-value
InEFL 6.22733 1 6.22733 519.09 0.0000 13.7529 1 13.7529 1160.04 0.0000
Sex 7.286E-3 1 7.286E-3 0.61 0.4364 7.1591E-2 1 7.1591E-2 6.04 0.0145
INEFL*Sex 6.310E-3 1 6.310E-3 0.53 0.4688 6.4861E-2 1 6.4861E-2 5.47 0.0200
Month 4.478E-2 4 1.111E-2 0.93 0.4448 8.6531E-2 4 2.1632E-2 1.82 0.1238
InEFL*Month 4.928E-2 4 1.232E-2 1.03 0.3934 9.3264E-2 4 2.3316E-2 1.97 0.0994
Sex*Month 3.240E-2 4 8.101E-3 0.68 0.6095
INEFL*Sex*Month 3.230E-2 4 8.075E-3 0.67 0.6110
Residual 3.68293 307 1.199E-2 3.73451 315 1.8556E-2
Total 67.4218 326 67.4218 326

VE indicates scientific notation (e.g., 3E-2 = 3 x 10?).



Appendix Table 11.--Summary of ANCOVA results evaluating the effects of sex and month on the log-linear relationship of dressed weight,,,-

cleithrum to keel length (CKL: 76-125 cm) for central North Pacific swordfish caught by the Hawaii-based pelagic

longline fishery during March-July 1994.

Type | Initial model Reduced model
Sum of Mean Sum of Mean

Source squares Df square F-ratio P-value squares” Df square” F-ratio P-value
InCKL 50.6445 1 50.6445 3655.71 0.0000 50.6445 1 50.6445 3646.43 0.0000
Sex 0.06824 1 0.06824 4,93 0.0272 6.824E-2 1 6.824E-2 491 0.0274
INCKL*Sex 0.03742 1 0.03742 2.70 0.1013
Month 0.21769 4 0.05442 3.93 0.0040 0.222565 4 5.5641E-2 4.01 0.0035
INCKL*Month 0.10440 4 0.02610 1.88 0.1132
Sex*Month 0.02134 4 0.00533 0.39 0.8192
INCKL*Sex*Month 0.03243 4 0.00810 0.59 0.6735
Residual 4.0036 289 0.01385 4.19442 302 1.38888E-2
Total 55.1297 308 55.1297 308

VE indicates scientific notation (e.g., 3E-2 = 3 x 10?).



Appendix Table 11.--(Continued)

Type llI Initial model Reduced model
Sum of Mean Sum of Mean

Source squares” Df square” F-ratio P-value squares Df square” F-ratio P-value
InCKL 3.3623 1 3.3623 242.70 0.0000 48.9712 1 48.9712 3525.95 0.0000
Sex 1.0708E-3 1 1.0708E-3 0.08 0.7812 0.051983 1 5.19839E-2 3.74 0.0540
INCKL*Sex 8.7478E-4 1 8.7478E-4 0.06 0.8018
Month 8.5890E-2 4 2.1472E-2 1.55 0.1878 0.222565 4 5.56412E-2 4.01 0.0035
INnCKL*Month 9.1235E-2 4 2.2808E-2 1.65 0.1626
Sex*Month 3.2755E-2 4 8.1888E-3 0.59 0.6693
INCKL*Sex*Month 3.2433E-2 4 8.1084E-3 0.59 0.6735
Residual 4.00367 289 1.1853E-2 4.1944 302 1.38888E-2
Total 55.1297 308 55.1297 308

VE indicates scientific notation (e.g., 3E-2 = 3 x 10?)



Appendix Table 12.--Summary of ANCOVA results evaluating the effects of sex and month on the log-linear relationship of dressed weight

ew-€ve fork length (EFL: 113-200) for central North Pacific swordfish caught by the Hawaii-based pelagic longline
fishery during August 1994-June 1996. The initial model was not reduced.

Type | Type I
Sum of Mean Sum of Mean
Source squares Df square F-ratio P-value squares Df square F-ratio P-value

InEFL 275.467 1 275.467 21906.44  0.0000 75.6312 1 75.6312 6014.54 0.0000
Sex 0.03683 1 0.03683 293 0.0870 0.01692 1 0.01692 1.35 0.2460
INEFL*Sex 0.05996 1 0.05996 4.77 0.0290 0.01635 1 0.01635 1.30 0.2540
Month 2.82256 11 0.25659 20.41 0.0000 0.80246 11 0.072951 5.80 0.0000
INEFL*Month 0.78589 11  0.07144 5.68 0.0000 0.85233 11 0.077485 6.16 0.0000
Sex*Month 0.27197 11 0.02472 1.97 0.0283 0.29845 11 0.027132 2.16 0.0145
INEFL*Sex*Month 0.29826 11  0.02711 216 0.0146 0.29826 11 0.027114 2.16 0.0146
Residual 17.2525 1372  0.01257 17.2525 1372 0.012574
Total 296.995 1419 296.995 1419




Appendix Table 13.--Summary of ANCOVA results evaluating the effects of sex and month on the log-linear relationship of dressed weight
new-Cleithrum to keel length (CKL: 73-139 cm) for central North Pacific swordfish caught by the Hawaii-based pelagic
longline fishery during August 1994-June 1996.

Type | Initial model Reduced model
Sum of Mean Sum of Mean

Source squares” Df square” F-ratio P-value squares Df square” F-ratio P-value
InCKL 278.664 1 278.664 16898.78 0.0000 278.664 1 278.664 16912.09 0.0000
Sex 2.557E-2 1 2.557E-2 1.55 0.2130
INCKL*Sex 4.471E-2 1 4.471E-2 2.71 0.0996
Month 1.90619 11 0.17329 10.51 0.0000 1.86336 11 0.16939 10.28 0.0000
INnCKL*Month 0.80266 11 7.296E-2 4.43 0.0000 0.86205 11 7.8369E-2 4.76 0.0000
Sex*Month 0.15426 11 1.402E-2 0.85 0.5893
INCKL*Sex*Month 0.16965 11 1.542E-2 0.94 0.5051
Residual 22.6245 1372 1.649E-2 23.0022 1396 1.6477E-2
Total 304.392 1419 304.392 1419

VE indicates scientific notation (e.g., 3E-2 = 3 x 10?)



Appendix Table 13.--(Continued)

Type llI Initial Final
Sum of Mean Sum of Mean

Source squares” Df square” F-ratio P-value squares Df square” F-ratio P-value
InCKL 54.6211 1 54.6211 3312.34 0.0000 67.6898 1 67.6898 4108.09 0.0000
Sex 6.904E-2 1 6.904E-2 419 0.0407
INCKL*Sex 7.057E-2 1 7.057E-2 428 0.0386
Month 0.72851 11 6.622E-2 4.02 0.0000 0.80861 11 7.3510E-2 4.46 0.0000
INCKL*Month 0.77490 11 7.044E-2 4.27 0.0000 0.86205 11 7.8369E-2 4.76 0.0000
Sex*Month 0.17108 11 1.555E-2 0.94 0.4975
INCKL*Sex*Month 0.16965 11 1.542E-2 0.94 0.5051
Residual 22.6245 1372 1.649E-2 23.0022 1396 1.6477E-2
Total 304.392 1419 304.392 1419

VE indicates scientific notation (e.g., 3E-2 = 3 x 107).
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Appendix Table 14.--GLOSSARY OF TERMS.

ANCOVA. Anaysisof covariance.

cleithrum to keel length. Straight line distance from the
cleithrum to anterior edge (insertion) of keel.

CKL. Cleithrum-to-keel length.

dressed weight. Carcass with bill, head, fins, entrails, and caudal peduncle removed.

dressed with peduncle weight. Carcasswith bill, head, fins and entrails only removed (caudal
peduncle still attached).

DPW. Dressed with peduncle weight.

DW. Dressed weight.

DW,,. “Old dressed weight”; produced by original method of dressing fish in which the peduncle
was removed at the anterior edge (insertion) of keel by a cut through the joint between the
22nd-23rd vertebrae.

DW,,,. “New dressed weight”; relevant from August 1994 onwards, in which the peduncle was
removed by cutting between the 23rd-24th vertebrae.

eyetofork length. Straight line distance from caudad margin of orbit to fork of tail.

EFL. Eyetofork length.

GLM. Genera Linear Mode.

HL. Honolulu Laboratory.

fork length. Straight line distance from tip of bill to fork of tail.

FL. Fork length. Least square mean. In GLM ANCOVA, the statistical mean adjusted for effect
of body length covariate.

lower jaw to fork length. Straight line distance from tip of lower jaw with mouth closed to fork
of tail. Synonymous with lower bill to fork length.

LJFL. Lower jaw to fork length (=LBFL).

NMFS. National Marine Fisheries Service, NOAA.

NOAA. Nationa Oceanic and Atmospheric Administration.

outlier. Observation whose Studentized residual was equal to or greater than 2.0 in absolute
value.

round weight. Total weight including bill, head, fins, and al entrails.

RW. Total or round weight.

SWR. Southwest Fishery Region, NMFS.

UFA. United Fishing Agency, 117 Ahui St., Honolulu, Hawaii 96813. Honolulu fish auction.
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Appendix Figure 1. Monthly notched box-and-whisker plots of male swordfish eye fork length
distribution from the general linear model analysis.

210
A - -— -
£ T s T 8 T
O 190 T 5
=
g 170
X 150 )
o
= X
o 130
>
Lu - 1 - .
110 °
Jan Feb Mar Apr May Jdun Ju Aug Sep Oct Nov Dec
Month

Appendix Figure 2. Monthly notched box-and-whisker plots of female swordfish eye fork length
distribution from the general linear model analysis.
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Appendix Figure 3. Monthly notched box-and-whisker plots of male swordfish cleithrum to keel
length distribution from the genera linear model analysis.
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Appendix Figure 4. Monthly notched box-and-whisker plots of female swordfish cleithrum to
keel length distribution from the general linear model analysis.
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